To compare the order effect of a combination of plyometric and resistance training sessions on isokinetic leg strength and vertical jump performance in undergraduate students over the course of a 6-week training program. METHODS: Twenty-four undergraduate volunteers were randomly divided into 3 groups, each group consisting of 3 female and 5 male students. The first group performed traditional combination training (TC; n = 8) involving plyometric training exercises at the beginning of a workout session before resistance exercises; the second group performed contrast training (CT; n = 8) involving alternating resistance exercises with plyometric training from set to set; the third group performed complex training (CP; n = 8), another form of combination training that involves the planning of several sets of resistance training repetitions, followed by plyometric exercises [16] . All groups completed a similar volume and intensity of training. RESULTS: While all programs produced gains in vertical jump performance (p < 0.01) and isokinetic leg strength (p < 0.01, p < 0.05) except for quadriceps 60
Introduction
Power is one of the most important components of physical fitness, which is the key component for optimum performance in sport that require explosive action [1, 2, 8, 21] . For this reason, there is keen interest among researchers and sport conditioning coaches in optimal training techniques to maximize power and the transfer of power to athletic performance [8] . Coaches have used traditional weight training and plyometric exercises incorporating acceleration and deceleration of body weight and dynamic weight in order to develop power [8] . Combination training has been a popular training method, which has been used by coaches for developing power. It consists of coupling of a strength training exercise with a biomechanically similar plyometric exercise termed a complex pair [6, 8, 9, 23] .
The order of exercises within this kind of training regimen may be an important factor when establishing a resistance and power training program [10] . Traditional combination training involves power training exercises followed by resistance exercises [10, 17] . Complex training involves starting a workout session with several sets of resistance training repetitions before moving on to plyometric exercises [10, 17] . Finally, contrast training, refers to a workout that involves the use of exercises of contrasting loads, that is, alternating resistance and plyometric exercises set for set [17] . Most studies that have explored the effects of combining resistance and power training have examined acute responses. Training studies have also been conducted to examine and compare the effectiveness of different combination training regimes. For example, Burger et al. [5] compared the effects of two different combination training with different order of exercises on vertical jump performance. The results of this study showed that only the complex training group increased vertical jump performance. In another training study, Juarez et al. [18] compared the effects of a complex training program and a conventional training program on power and strength development in students. This study found that subjects in the complex training group showed improvement in the counter movement jump and 10 m, 15 m and 20 m run performance, whereas conventional training group subjects achieved performance gains in the 5 m run [18] . Similarly, Mathew et al. [20] reported a finding that complex training is more effective than conventional training methods for improving linear power. In another training study, Giannakopoulos et al. [15] examined isolated exercises and complex exercises in improving shoulder cuff muscular performance. The results indicated that the complex group significantly improved their muscular performance while the isolated group did not. According to the literature, using resistance and plyometric exercises together is therefore more effective for improving power and strength than traditional training regimes. However, no study has so far reported data relating to isokinetic strength. Moreover, there is no research examining and comparing the chronic effects of the ordering of resistance exercises and plyometrics. It is thought that determining the effects of such ordering may help to inform trainers who use these exercise regimes as to how they might adapt the order of exercises and bring more variety to training sessions. Therefore, the aim of this study was to explore the effects of three different training modes on isokinetic leg strength and vertical jump performance in university students.
Methods

Subjects
Twenty-four recreationally trained undergraduate students participated in this study voluntarily. The subjects were randomly divided into 3 groups (each group consisting of 3 female and 5 male students); TC (n = 8; age: 21.6 ± 2.3 years; height: 172.3 ± 9.0 cm; body mass: 67.8 ± 13.1 kg), CT (n = 8; age: 21.9 ± 2.6 years; height: 173.5 ± 8.8 cm; body mass: 69.0 ± 14.7 kg), CP (n = 8; age: 21.3 ± 2.1 years; height: 173.2 ± 7.0 cm; body mass: 68.6 ± 13.7 kg). All subjects had experience of resistance training and plyometric training. Subjects were informed about possible risks and benefits of the study and gave informed consent to participate in this study.
Procedures
The duration of study was 10 weeks. The 2-week pre-study training period served as an adaptation period to weights and plyometric exercises for the subjects all of whom performed a 2-week adaptation resistance and plyometric training regime including 4 strength training sessions and 2 plyometric training sessions. The selected adaptation training exercise load was 65% of 1RM and in each exercise, 3 series of 10 repetitions were carried out in resistance training. Plyometric training consisting of 3 exercises with 2 series of 6 repetitions. After the adaptation training period, anthropometric measurements (height and body mass) were carried out for all of the subjects, followed by the vertical jump test, isokinetic test and 1RM test (leg curl, split squat and leg press) in order to determine the training workload. After the pre-test period, subjects were divided into the 3 experimental groups to undertake their 6-week program of TC, CT or CP training. The subjects participated in 2 training sessions per week. During the program they were not involved in any other physical activity. For each session, they performed a thorough warm-up consisting of 10 minutes of jogging and then 5 minutes of exercise involving fast leg movement (e.g. skipping, carioca) over short distances of 5 to 10 m (3-5 times) with 2-min passive recovery time. Subjects then performed resistance exercises (split squats, leg presses and leg curls) according to the protocol set out in Table 1 and plyometric exercises (split jumps, squat jumps and front tuck jumps) according to the protocol presented in Table 2 . The procedure was applied in line with Fletcher et al. [14] . Pre-test
Post-test
Isokinetic leg strength
Before the isokinetic test, subjects performed a 5-minute warm-up on a bicycle ergometer. Measurements were taken using an Isomed 2000 (Ferstl GmbH, Germany) isokinetic dynamometer. The test was performed in a sitting position; stabilization straps were secured across the trunk, waist, and distal femur of the tested leg. The extensor and flexor muscle of each leg were concentrically measured at 60
• /s (10 repetitions) and 180
• /s (10 repetitions). Verbal encouragement was given to the subjects during the measurement procedure. Before the test, the subjects were allowed 5 trials.
Vertical jump measurements
Vertical jump performance was measured using a portable force platform (Newtest, Finland). Subjects performed countermovement jumps (CMJ) and squat jumps (SJ) according to the protocol described by Bosco et al. [3] Before testing, subjects performed selfadministered submaximal CMJs and SJs (2-3 repetitions) as a practice and specific additional warm-up. They were asked to keep their hands on their hips to prevent any influence of arm movements on the vertical jumps and to avoid coordination as a confounding variable in the assessment of the leg extensors [4] . Each subject performed 3 maximal CMJs and SJs, with approximately 2 minutes' recovery time in between; they were asked to jump as high as possible. The highest jump was recorded in centimeters [4] .
Training interventions
The present study consisted of three training interventions (see Table 3 ). To equate the total amount of work for each of the training sessions, a thorough calculation was carried out. Definitions of training regimes were taken from Janz et al. [17] .
1. Traditional combination training (TC): the TC group performed traditional combination training, involving power training exercises at the beginning of a workout session followed by resistance exercises [10] . This group performed three resistance exercises 5 minutes after three plyometric exercises. Both the plyometric exercises and the resistance exercises were performed with 1-min rests between sets and 2-min rests between exercises [17] . 2. Contrast training (CT): the CT group performed contrast training, alternating resistance exercises with power training from set to set [10] . This training mode included the following pairs of exercises: split squats -split jumps; leg pressessquat jumps; leg curls -front tuck jumps. While 1-min rest interval was used between exercise pairs, 2-min was given when passing to the next exercise group [17] . 3. Complex training (CP): the CP group performed complex training which consisted of planning of several sets of resistance training repetitions followed by power exercises [10, 26] . The same pairs of exercises used in contrast training were also used in this training mode. The subjects in this group performed the plyometric exercises after finishing the resistance pair sets. 2 minute rest intervals were given both between pairs and between exercises, and 1 minute rests were granted between sets for each individual exercise [17] .
Statistical analysis
All data are reported as means and standard deviations. Before using parametric tests, the assumption of normality was verified using the Shapiro-Wilk test. A three-way mixed analysis of variance was used to examine the statistical significance between and within the group and time measures, as well as between genders, for isokinetic strength and for vertical jump per- Table 3 Training formances. If a significant interaction effect was observed, then a Tukey's post hoc analysis was applied to make a pairwise comparison between groups. The level of statistical significance was set at p < 0.05.
Results
Tables 4 and 5 outline the changes in isokinetic strength and jump performance between pre-and posttest for both female and male in all the training groups.
Isokinetic leg strength, squat and countermovement jump performances increased between pre-and posttest independently of the specific training regime and gender, but the changes in Quadriceps Right 60
• /s (Nm) and Quadriceps Left 60
• /s (Nm) were nonsignificant. Table 6 shows the effects of different resistance training methods on isokinetic leg strength. The strength increased between pre-and post-test in all the training groups, but the changes in Quadriceps Right 60 • /s (Nm) and Quadriceps Left 60
• /s (Nm) were non- significant. Similarly, between-group differences were non-significant. Figures 1 and 2 show the effects of the different resistance training methods on counter movement jump and squat jump performance, respectively. Counter movement jump and squat jump performance did not significantly diffe between groups and all the training groups significantly improved their performance in both of these areas (p < 0.01).
Discussion
The current study indicates that 6 weeks of traditional combination training, contrast training and complex training elicited enhancements in counter movement jump and squat jump performance as well as in for selected isokinetic strengths of the hamstring and quadriceps in both legs and in both genders. This points out to the training efficacy of all three training modes irrespective of group or gender. In spite of gender differences in fiber types make-up the uniform improvement is likely to result from neural changes [22] suggesting that these three programs can be used interchangeably in order to improve power and strength performance for both genders.
One of the most important findings of this study relates to the effects of plyometric and resistance training used within the same training session on both CMJ and SJ performance. Our findings suggest that the combination of plyometric and resistance training within the same training session can induce performance increases in SJ and CMJ independently of the order or gender of such exercises. This finding parallels that of Santos and Janeira [20] , who reported that a 10-week in-season complex training program consisting of a set of resistance exercises followed by a series of plyometric exercises resulted in a significant improvement in counter movement jump and squat jump performance in young male athletes. Similarly, Alves et al. [1] analyzed the effects of complex training and contrast training on SJ and CMJ performance over six-weeks in male soccer players; they found an increase in SJ performance in both groups, but no significant differences in CMJ performance as well as no significant between-group differences for any of the tests. Juarez et al. [18] compared the effects of a complex training program and a conventional training program on CMJ and SJ performance in male sports science students. They reported that significant improvements were seen in both groups in terms of SJ performance, and also that a significant difference in CMJ performance was exclusive for the complex training group. There is only one study examining and comparing the chronic effects of the resistance exercises and plyometrics according to gender. In this study Mihalik et al. [22] found significant improvements in vertical jump height in 11 male and 20 female volleyball players divided into two groups, with one group following a complex training program and the other group following a compound training program consisting of resistance training in one session and plyometric training in the next. At the end of the study, neither group had improved more than the other. Additionally, they reported that these training methods effected both gender similarly. It was suggested that a plausible explanation for enhanced jump performance could be that "complex training stimulates the neuromuscular system [7] , that is, it activates both the muscular fibers and the nervous system, so that slow-twitch fibers behave like fast-twitch fibers [6] " [24] . On the other hand, it should be emphasized that several different factors may have beneficial effects on vertical jump performance, such as better synchronization of body segments, increased coordination levels, and a greater muscular strength/force [24] . In conclusion, the combination of plyometric and resistance training within the same training session seems to have promoted increases in SJ and CMJ performance independently of the order of the exercises and gender. It therefore seems advisable for coaches and sports scientists to use combination training, involving power training exercises combining strength training in the same training session [1] for both female and male [22] . Isokinetic dynamometry facilitates a dynamic, objective, accurate, and reproducible evaluation because of which it has been widely used in order to determine function and balance of players [25] . To our knowledge, the current study is the first to report changes in isokinetic strength following the combination of plyometric and resistance training. Furthermore, no study has so far reported data relating to difference in either isokinetic, or dynamic strength gains between genders following this kind of training. although a few studies have examined and compared the effects of different combinations of plyometric and resistance training on dynamic strength in male. One of these studies, Juarez et al. [18] evaluated the effects of a complex training program and a conventional training program on strength development in male students, concluding that both programs produced gains in the weight lifted in a 1RM back squat, although significant differences were not found between the training modes. In another study on weight lifted in 1RM back squats, Burger et al. [5] reported significant differences between a group which followed a 7-week complex training regime and another group which performed the same training exercises but did the weight exercises first and then the plyometric exercises. Our results suggest that the combination of plyometric and resistance training may promote increases in isokinetic strength in both genders. In addition, the improvements of leg strengths range between 1.1%-11.1% for all training groups in the present study. A plausible explanation for these findings could be due to the fact that the participants had little experience in strength training [13, 18] . Moreover, it is highly unlikely that short-term studies would result in significant difference in strength improvement between any weight-training programs because neural factors may override the contribution of other factors in largely untrained people [13, 18] .
Conclusions
Isokinetic strength and vertical jump performance can be improved by a combination of resistance and plyometric training independently of the specific training regime and gender. The findings of this study demonstrate that all three training strategies may be suited for improving the power and strength of untrained male and female subjects. Thus the use of plyometric and resistance training within the same training session is recommended since these exercise types can be used in different orders and with similar efficiency in both genders.
